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(57) ABSTRACT 

An imaging tomography apparatus, in particular an x-ray 
tomography apparatus or an ultrasound tomography appara 
tus, has a stationary unit With a sensor for measurement of an 
out-of-balance condition of an annular data acquisition 
device rotatable around a patient opening in the stationary 
device. Compensation Weights for compensation of the out 
of-balance condition are provided on the data acquisition 
device. To simplify the balancing procedure, the compensa 
tion Weights are disposed in tWo parallel planes axially sepa 
rated from one another, and in each plane at least three com 
pensation Weights are fashioned as chambers that can be ?lled 
With a ?uid. At least tWo of the chambers are connected With 
one another via at least one conduit for ?uid transfer therebe 
tween exchange. 

11 Claims, 2 Drawing Sheets 
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IMAGING TOMOGRAPHY APPARATUS 
WITH FLUID-CONTAINING CHAMBERS 

FORMING OUT-OF-BALANCE 
COMPENSATING WEIGHTS FOR A 

ROTATING PART 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The invention concerns an imaging tomography apparatus, 

in particular an x-ray computed tomography apparatus. 
2. Description of the Prior Art 
An x-ray computed tomography apparatus is knoWn from 

German OS 101 08 065. A data acquisition device or gantry, 
mounted such that it can be rotated around a horizontal rota 
tional axis, is accommodated in a stationary mount. A sensor 
to detect an out-of-balance (unbalanced) condition of the data 
acquisition device is provided on the stationary mount. The 
sensor is connected With a device to calculate the position or 
positions of the rotatable data acquisition device at Which a 
compensation Weight or Weights should be applied to com 
pensate the out-of-balance condition. The balancing can 
ensue Without the use of a speci?c balancing device, but a 
trained person is required to implement the balancing proce 
dure, in particular for correct application of the compensation 
Weights. The balancing procedure requires, among other 
things, a partial demounting of parts of the x-ray computed 
tomography apparatus. This procedure thus is time-consum 
ing and expensive. 
US. Pat. No. 6,354,151 as Well as German Translation 698 

04 817 T2 describes an apparatus for balancing of an instru 
ment mounting. The mass of the instrument mounting and its 
out-of-balance condition are thereby determined. 
German Utility Model 297 09 273 discloses a balancing 

device for balancing rotors. TWo compensation rings With a 
de?ned out-of-balance condition are provided that can be 
attached to one another on the rotor at suitable relative posi 
tions for compensation of an out-of-balance condition of the 
rotor. 
German PS 199 20 699 also discloses a method for balanc 

ing rotors. TWo compensation rings respectively exhibiting a 
de?ned out-of-balance condition are mounted on the rotor. To 
compensate the out-of-balance condition, the relative posi 
tions of the compensation rings relative to one another can be 
changed. For this purpose, an attachment device of the com 
pensation rings is released. The compensation rings are held 
by a paWl and the rotor is rotated by a predetermined angle 
relative to the compensation rings. The compensation rings 
are subsequently locked (arrested). 

To ease the locking of such compensation rings, in German 
OS 199 20 698 it is disclosed to ?x the rings in their relative 
positions by means of a spring-loaded locking device on the 
rotor. By means of an applied force, the compensation rings 
can be displaced in their relative positions relative to the rotor 
and naturally can be locked. 

To ease the identi?cation of the correct locking position of 
such compensation rings, in German Utility Model 298 23 
562 discloses projecting markings onto the compensation 
elements by means of a marking device When the rotor is 
located in a compensation position. 
German PS 197 29 172 discloses a method for continuous 

compensation of an out-of-balance rotor. The out-of-balance 
condition of the rotor is measured by means of an out-of 
balance measurement device. For compensation of the out 
of-balance condition, the rotor has a number of compensation 
chambers ?lled With compensation ?uid and disposed at dif 
ferent relative rotor positions. To compensate the out-of-bal 
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2 
ance condition, the quantity of the compensation ?uid in the 
compensation chambers is increased or reduced in a suitable 
manner. 

German Utility Model 299 13 630 concerns an apparatus 
for compensation of an out-of-balance condition in a machine 
tool or balancing machine. The balancing machine is thereby 
balanced using counterweight rotors and the position of the 
counterWeight rotors is stored. The balancing machine is 
subsequently re-balanced With a component incorporated 
therein by displacement of the counterweight rotors. The 
out-of-balance condition of the component can be inferred 
from the deviating position of the counterWeight rotors With 
out and With the component. 
German OS 197 43 577 and German OS 197 43 578 dis 

close a method for balancing a rotating body. Compensation 
masses that can be radially displaced and/ or displaced in 
terms of their relative positions With respect to the rotating 
body are attached to the rotating body. At the beginning of the 
method, the compensation masses are initially brought into a 
Zero position in Which the vectors generated by them mutu 
ally cancel. The out-of-balance condition of the rotating body 
is subsequently measured and compensated by suitable shift 
ing of the compensation masses. 
The implementation of these knoWn methods typically 

requires technically trained personnel. Independently of this, 
some of the knoWn methods are not suited for balancing of a 
measurement device of a tomography apparatus. 

SUMMARY OF THE INVENTION 

An object of the present invention is to remedy the afore 
mentioned disadvantages according to the prior art. In par 
ticular, an imaging tomography apparatus should be provided 
having a rotatable measurement device that can be optimally 
simply balanced. The balancing procedure should be fully 
automatically implementable, such that trained personnel are 
not required. 
The object is achieved according to the invention by an 

imaging tomography apparatus having an annular, rotatable 
data acquisition device With the compensation Weights in tWo 
parallel planes that are axially separated from one another, 
and Wherein each plane at least three compensation Weights 
are fashioned as chambers that can be ?lled With a ?uid. At 
least tWo of the chambers are connected With one another via 
at least one conduit for ?uid transfer therebetWeen. The 
degree of ?lling of the respective chambers compensates for 
a detected out-of-balance condition of the data acquisition 
device. 
The out-of-balance condition may be detected by a server 

on the stationary unit in Which the data acquisition device is 
rotatably mounted, Which detects vibrations transferred to the 
stationary unit due to the out-of-balance condition of the data 
acquisition device. 

Because the compensation Weights are disposed in tWo 
parallel planes that are axially separated from one another, 
compensation of an out-of-balance condition caused by a 
non-uniform axial Weight distribution is also possible. Wob 
bling movements thus can be compensated With this arrange 
ment. Because at least tWo of the chambers in a plane are 
connected With at least one conduit, a compensation Weight 
necessary for compensation of an out-of-balance condition 
can be adjusted in a simple manner by ?uid transfer. The 
inventive arrangement can be controlled particularly simply. 
It is also possible for both of the opposite chambers to be 
connected With one another by means of tWo conduits. By a 
suitable connection of both conduits, centrifugal forces act 
ing on the ?uid can be compensated. 
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In an embodiment, a pump is connected in the conduit. This 
enables a back-and-forth pumping of ?uid from one chamber 
into another. 
A magnetic ?uid can be used as the aforementioned ?uid. 

A magnetic ?uid is a ?uid Whose viscosity changes under the 
in?uence of a magnetic ?eld. Given the use of a magnetic 
?uid as the ?uid, the pump can be a device for generation of 
an electrical or magnetic ?eld penetrating the conduit section 
by-section. Magnetic ?uid can be bumped back and forth by 
a suitable change of the electrical or magnetic ?eld. 

According to a further embodiment, a further sensor is 
provided to determine the rotation angle of the data acquisi 
tion device With regard to the stationary unit. This enables a 
particularly simple determination of the distribution of the 
compensation Weights on the data acquisition device neces 
sary for compensation of the out-of-balance condition. 

According to a further embodiment, a control device con 
trols the pump according to a predetermined algorithm for 
compensation of the out-of-balance condition of the data 
acquisition device. Such a control device can be, for example, 
a conventional controller With a microprocessor. The control 
device appropriately calculates a distribution of the compen 
sation Weights on the data acquisition device necessary for 
compensation of the out-of-balance condition, dependent on 
the signals provided by the sensor means for measurement of 
the out-of-balance vibration as Well as, if applicable, depen 
dent on the further sensor for determination of the rotational 
angle of the data acquisition device. Dependent on the mea 
surement result, the pump is controlled such that a ?uid 
movement necessary to achieve the calculated compensation 
Weight distribution occurs in the chambers. 

DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic side vieW of a tomography apparatus. 
FIG. 2 is a schematic side vieW of a ?rst embodiment of a 

data acquisition device according to the invention. 
FIG. 3 is a schematic side vieW of a second embodiment of 

a data acquisition device according to the invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

FIG. 1 schematically shoWs a side vieW of an x-ray tomog 
raphy apparatus With a stationary unit 1. An annular imaging 
data acquisition device 3 (gantry) is accommodated on the 
stationary unit 1 such that it can rotate around a rotation axis 
2 disposed at a right angle to the plane of the draWing. The 
rotation direction of the imaging data acquisition device 3 is 
designated With the arroW a. An x-ray source 4 and an x-ray 
detector 5 With doWnstream evaluation electronic 6 are 
mounted on the imaging data acquisition device 3 opposite to 
each other. A beam fan 7 radiated by the x-ray source 4 de?nes 
a circular measurement ?eld 8 given a rotation of the imaging 
data acquisition device 3. The measurement ?eld 8 is located 
Within a patient opening 9 indicated With the dashed line. The 
evaluation electronic 6 is connected With a computer 11 via a 
slip ring contact 10 (indicated schematically). The computer 
11 has a monitor 12 for display of data. A sensor 13 for 
measurement of vibrations transferred to the stationary unit 1 
is provided on the stationary unit 1. This is a conventional 
sensor With Which vibrations caused by an out-of-balance 
condition of the imaging data acquisition device 3 and trans 
ferred to the stationary unit 1 can be measured in the radial 
direction and the axial direction. A further sensor 14 attached 
to the stationary unit 1 serves for the detection of the rota 
tional angle of the imaging data acquisition device 3 relative 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

4 
to the stationary unit 1. The sensor 13 and the further sensor 
14 are likeWise connected With the computer 11 for evaluation 
of the signals measured thereWith. In FIG. 1, for clarity com 
pensation Weights provided on the data acquisition device 3 
are not shoWn. 

In the schematic side vieWs of the respective embodiments 
of the data acquisition device 3 in FIGS. 2 and 3, for clarity the 
x-ray source 4 and the x-ray detector 5 With doWnstream 
evaluation electronic 6 are not shoWn. Four chambers C1, C2, 
C3 and C4 With an offset of 90° are attached to the data 
acquisition device 3 in a plane. TWo pairs of opposing cham 
bers C1, C3 and C2, C4 are provided. In the embodiment of 
FIG. 2, the chambers C1, C3 are connected With one another 
by a conduit L1 for ?uid exchange therebetWeen. The cham 
bers C2, C4 are connected by a conduit L2 for ?uid exchange 
therebetWeen. Respective pumps P1, P2 are connected in the 
conduits L1, L2. The tWo pairs of opposing chambers C1, C3 
and C2, C4, the conduit L1 and L2 and the pumps P1 and P2 
connected therein form a compensation Weight Whose “posi 
tion” (angular momentum effect) can be modi?ed via back 
and-forth transfer of ?uid relative to the data acquisition 
device 3. The ?uid can be, for example, hydraulic ?uid. 

In the second embodiment shoWn in FIG. 3, the chambers 
in the opposing pairs of chambers C1, C3 and C2, C4 are 
connected via tWo conduits. Conduit L1 connects a radially 
outWard port of chamber C1 to a radially inWard port of 
chamber C3. Conduit L1a connects a radially inWard port of 
chamber C1 to a radially outWard port of Chamber C3. Con 
duits L2 and L211 provide similar connections betWeen cham 
bers C2 and C4. Centrifugal forces that act on the ?uids 
housed in the chambers C1, C2, C3, C4 can be compensated 
by the conduits L1, L1a, L2, L2a. As a result, only a small 
capacity is necessary for back-and-forth pumping of ?uid 
betWeen the chambers during the rotation of the data acqui 
sition device 3. In this embodiment, ?eld generators S1, S2 
for generation of a magnetic ?eld or an electric penetrating 
the conduits L1, L2 in sections are provided instead of the 
pumps P1, P2. If a magnetic ?uid is used as the ?uid, the ?eld 
generators S1, S2 are coils. A magnetic ?uid is a ?uid With 
magneto-rheological properties, ie the viscosity of the ?uid 
is dependent on the strength of a magnetic ?eld acting on it. 
For example, it becomes highly viscous or under the in?uence 
of a magnetic ?eld. Thus by generation of a suitable magnetic 
?eld by means of the coils S1, S2 a ?oW of the magnetic ?uid 
through the conduits L1, L2 can be produced. Instead of the 
magnetic ?uid, a ?uid With electro-rheological properties can 
be used Whose viscosity is dependent on the strength of an 
electrical ?eld acting on it. In this case, instead of coils, the 
?eld generators S1, S2 are electrodes for the generation of an 
electrical ?eld penetrating the conduits L1, L2. 

In each of FIGS. 2 and 3, the arrangement of the compen 
sation Weights is shoWn in a ?rst plane. Such a ?rst plane 
proceeds perpendicular to the rotation axis 2 and can be 
formed, for example, by the front side of the data acquisition 
device 3. In order to ensure a complete compensation of an 
out-of-balance condition of the data acquisition device 3, 
further compensation Weights can be provided on the data 
acquisition device 3 in a second plane parallel to the ?rst 
plane. The second plane canbe, for example, a backside of the 
data acquisition device 3 opposite to the front side. The com 
pensation device provided in the second plane can be fash 
ioned corresponding to the compensation device shoWn in 
FIGS. 2 and 3 as Well. 

Although modi?cations and changes may be suggested by 
those skilled in the art, it is the intention of the inventors to 
embody Within the patent Warranted hereon all changes and 
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modi?cations as reasonably and properly come Within the 
scope of their contribution to the art. 
We claim as our invention: 

1. An imaging tomography apparatus comprising: 
a stationary unit having a patient opening therein; 
an imaging data acquisition device rotatably mounted in 

said stationary unit, said imaging data acquisition device 
rotating around an axis and around said patient opening, 
said data acquisition device having a structural con?gu 
ration subject to simultaneously occurring axial imbal 
ance and radial imbalance With respect to said axis; and 

in each of tWo parallel planes of said imaging data acqui 
sition device, axially separated from each other, at least 
three chambers respectively containing ?uid, With at 
least one conduit placing at least tWo of said at least three 
chambers in ?uid communication alloWing ?uid 
exchange betWeen said at least tWo of said at least three 
chambers to alter respective amounts of said ?uid in said 
at least tWo of said at least three chambers, said at least 
three chambers in each of said tWo parallel planes, With 
said ?uid therein, forming a compensation Weight sys 
tem that compensates an out-of-balance condition of 
said imaging data acquisition device, caused by both 
said axial imbalance and said radial imbalance, depen 
dent on respective amounts of said ?uid in said at least 
three chambers. 

2. An imaging tomography apparatus as claimed in claim 1 
Wherein in each of said planes, four of said chambers are 
disposed offset from each other by approximately 90°, said 
chambers forming tWo pairs of oppositely-disposed cham 
bers With the chambers in each pair being connected to each 
other by at least one conduit allowing ?uid exchange betWeen 
the chambers in that pair. 

3. An imaging tomography apparatus as claimed in claim 1 
comprising a mechanical pump in said at least one conduit 
that effects said ?uid exchange. 

4. An imaging tomography apparatus as claimed in claim 1 
Wherein said ?uid is a ?uid having a magneto-rheological 
property, and comprising a coil that generates a magnetic ?eld 
that interacts With said ?uid for effecting said ?uid exchange. 

5. An imaging tomography apparatus as claimed in claim 1 
Wherein said ?uid is a ?uid having an electro-rheological 
property, and comprising an electrode that generates an elec 
tric ?eld that interacts With said ?uid for effecting said ?uid 
exchange. 

6. An imaging tomography apparatus as claimed in claim 1 
comprising a sensor at said stationary unit that detects said 
out-of-balance condition of said imaging data acquisition 
device. 
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6 
7. An imaging tomography apparatus as claimed in claim 6 

comprising a further sensor at said stationary unit that detects 
a rotational angle of said imaging data acquisition device. 

8. An imaging tomography apparatus as claimed in claim 7 
comprising an exchange element disposed to interact With 
said ?uid in said at least one conduit for effecting said ?uid 
exchange, and a control unit connected to said sensor, said 
further sensor and said ?uid exchange unit, that controls said 
?uid exchange unit to effect said ?uid exchange dependent on 
respective signals from said sensor and said further sensor. 

9. An imaging tomography apparatus as claimed in claim 1 
Wherein said imaging data acquisition device is an x-ray 
tomography imaging data acquisition device. 

10. An imaging tomography apparatus as claimed in claim 
1 Wherein said imaging data acquisition device is an ultra 
sound tomography imaging data acquisition device. 

11. An imaging tomography apparatus comprising: 
a stationary unit having a patient opening therein; 
an imaging data acquisition device rotatably mounted in 

said stationary unit, said imaging data acquisition device 
rotating around an axis and around said patient opening, 
said data acquisition device having a structural con?gu 
ration subject to simultaneously occurring axial imbal 
ance and radial imbalance With repeat respect to said 
axis; and 

in each of tWo parallel planes of said imaging data acqui 
sition device, axially separated from each other, at least 
three chambers respectively containing ?uid, With at 
least one conduit placing at least tWo of said at least three 
chambers in ?uid communication alloWing ?uid 
exchange betWeen said at least tWo of said at least three 
chambers to alter respective amounts of said ?uid in said 
at least tWo of said at least three chambers, said at least 
three chambers in each of said tWo parallel planes, With 
said ?uid therein, forming a compensation Weight sys 
tem that compensates an out-of-balance condition of 
said imaging data acquisition device, cause by both said 
axial imbalance and said radial imbalance, dependent on 
respective amounts of said ?uid in said at least three 
chambers; 

a sensing arrangement at said image acquisition device that 
emits at least one signal related to said out-of-balance 
conditioning; and 

a control unit in communication With said sensing arrange 
ment to receive said at least one signal therefrom, said 
control unit being con?gured to control said ?uid 
exchange to compensate said out-of-balance condition. 

* * * * * 


